OBJECTIVE: The aim of this study was to evaluate liver steatosis in prepubertal and pubertal obese and the correlations with the lipid pro®le, the serum levels of hepatic parameters and the glycemic and insulinemic responses to an oral glucose tolerance test. SUBJECTS: 375 obese, 205 males and 170 females, Tanner pubertal stage I (n 82), stages II ± III (n 80) and stages IV ± V (n 213). MEASUREMENTS: Body mass index (BMI), waist ± hip ratio (WHR), total cholesterol and high density lipoprotein (HDL), cholesterolaHDL ratio, low density lipoprotein (LDL), very low density lipoprotein (VLDL), triglycerides (TGL), aspartate aminotransferase (AST), alanine aminotransferase (ALT), gGT, glycemia (G), insulinemia (IRI), fasting IRIaG ratio (FIGR), glycemic (mean blood glucose, MBG) and insulinemic (mean serum insulin, MSI) responses during a 120 min oral glucose tolerance test (OGTT), expressed as area under the curve (AUC)a120 min, pancreatic insulinemic response to glucose (IRG), and liver ultrasound scanning for assessing the degree of steatosis (moderate, severe). RESULTS: Liver steatosis was found in 33% of subjects in Tanner pubertal stage I, 36% in stage II ± III and 47% in stages IV ± V. BMI and transaminases were correlated with the degree of steatosis in all pubertal stages. AST, ALT and gGT were higher in the presence of steatosis, while elevated TGL was present in late puberty only; however the increase of ALT is speci®c for steatosis. CONCLUSION: Juvenile obesity involves a high risk of liver steatosis associated with alterations of transaminases and lipid but not glucose metabolism. These changes are apparent even to the prepubertal stage.
Introduction
Obesity may present with liver histological alterations, mainly steatosis, 1,2 a process involving the entire organ, and that can be evaluated by ultrasound. 3, 4 In adults the severity of steatosis has been correlated with the degree of obesity, 5 ± 8 although opposite results have been reported, 9 ± 11 and with the serum levels of free fatty acids, as well as glycemia and insulinemia. 6, 12, 13 However, no correlation with liver biochemical abnormalities was found. 10,12,14 ± 16 In childhood and adolescent obesity the fatty change of the liver has also been well documented, although with different values of prevalence, and correlated with duration and degree of obesity and with serum levels of transaminases. 17 ± 23 Triglycerides (TGL) are also often increased in young obese with steatosis: 24 in this connection, it was suggested that the accumulation of TGL in the liver is likely to reduce hepatic insulin clearance, which in turn can lead to a hyperinsulinemiaainsulin-resistance state. 9,25 ± 29 Since the data on the relationships between steatosis and glycemic and insulinemic metabolism in young obese are scanty, the aim of this study was to assess the prevalence of steatosis in a large sample and the correlations with lipid pro®le, serum levels of biochemical hepatic parameters and glycemic and insulinemic responses to an oral glucose tolerance test (OGTT).
Patients and methods
Three-hundred and seventy-®ve obese subjects (body mass index, BMI b 2 s.d. for chronological age, according to Rolland-Cachera, 30 205 males and 170 females, prepubertal (Tanner stage I, n 82), early pubertal stages II ± III, n 80) and late pubertal (stages IV ± V, n 213) (Table 1) were studied. In each subject the waistahip ratio (WHR) was assessed. After a 12 h overnight fast, blood samples were obtained between 8 and 9 a.m. and the following analyses were performed: total cholesterol (CHOL), high density lipoproteins (HDL), TGL (mgadl, enzymatic-colorimetric method), CHOLaHDL ratio, low density lipoproteins (LDL) and very low density lipoproteins (VLDL) (mgadl, Friedwald formula), aspartate aminotransferase and alanine aminotransferase (AST and ALT, Ual, optimized method International Federation Clinical Chemistry (IFCC), normal value`40), gamma glutamil transpeptidase (gGT, mgadl, Szasz enzymatic method, normal value`50), glucose (G, mgadl, Glucose Oxidase-paramind Phenazone (GOD-PAP) method), insulin (IRI, mUal, immuno¯uorimetric assay (IFEMA) method), fasting IRIaG ratio (FIGR, pmolammol) ; furthermore G and IRI responses were evaluated during a 120 min OGTT with 75 g of glucose, expressed as area under the curvea120 min (mean blood glucose: MBG, mgadl; mean serum insulin: MSI, mUal).
As previously reported, 31 ± 34 from the OGTT results the pancreatic insulinemic response to glucose (IRG, mUammol), was calculated as the ratio between the incremental area under the curve of insulin (mUÂminal) and that of glucose (mmolÂminal), during the ®rst 30 min after glucose load. The evaluation of the steatosis was made by ultrasound, with a 3.5 MHz transducer, always performed by the same operator, who was unaware of the clinical course and laboratory details of the patients. The operator was skilled to detect liver parenchymal abnormalities. In a group of patients with steatosis, evaluated in two separate occasions, the judgement was similar in 96% of cases of moderate and in 91% of severe steatosis.
The criteria for determining the presence of steatosis was the hyperechogenicity of the liver tissue with tightly packed ®ne echoes; the degree of steatosis was assessed by the fall of the ultrasonic beam with depth and the different echogenicity between liver and kidney. 3 Then, moderate steatosis was recognized by a featureless appearance of the liver and attenuation of the beam with depth and discrepancy between liver and kidney; severe steatosis was recognized by a further reduction in beam penetration and large discrepancy between liver and kidney echoes. 3 Actual or recent drug intake, use of alcohol, antibody positiveness for hepatotropic viruses, chronic liver diseases andaor nephropathies, diabetes mellitus and autoimmune, endocrine and genetic diseases were exclusion criteria.
The study protocol was approved by the local Ethical Committee and written informed consent was obtained from the subjects' parents.
Since the examined variables did not show a normal distribution, the values were transformed into square roots before performing the statistical analysis. Then, ANOVA and Student's test for unpaired data, as appropriate, as well as the linear regression analysis were adopted. The results have been expressed as mean AE s.d. The null hypothesis has been discarded for P values`0.05.
Results
Steatosis was found in 157 out of 375 cases (42%): 27 (24 M, 3 F) in the group of subjects (n 82) with Tanner pubertal stage I ( 33%); 29 (25 M, 4 F) in that (n 80) with stages II ± III ( 36%); 101 (92 M, 9 F) in that (n 213) with stages IV ± V ( 47%).
BMI was higher in subjects with steatosis (35. .0001). BMI correlated with steatosis (P`0.05), Liver steatosis in juvenile obesity G Guzzaloni et al HDL, CHOLaHDL ratio, VLDL, TGL, gGT, FIGR (P`0.001), IRG and IRI at 120 min during OGTT (P`0.01).
The correlations with steatosis, considering the data all together, are illustrated in Table 2 ; after the subdivision on the basis of the pubertal stage all correlations were con®rmed but steatosis correlated with WHR in stages IV ± V only (r 0.27, P`0.001), while steatosis did not correlate with gGT in stages II ± III.
The small number of females with steatosis does not allow a comparison between the sexes. Table 3 depicts the modi®cations of the variables in each pubertal stage: CHOL, CHOLaHDL ratio, LDL, VLDL, FIGR, G and IRI at 0 and 120 min during OGTT, MBG, MSI and IRG do not vary in the presence of steatosis; in late puberty HDL are higher and TGL lower in the subjects without steatosis in respect to those with; AST and ALT are always higher in the presence of steatosis, but gGT is not in stages II ± III; from stage I onwards, regardless of steatosis, CHOL, LDL, AST, ALT, gGT, G at 0 and 120 min during OGTT and MBG do not vary, HDL decrease, while CHOaHDL ratio, VLDL, TGL, FIGR, IRI at 0 and 120 min during OGTT, MSI and IRG increase.
Abnormal results in serum liver enzymes were found in 24% of the subjects (46% of those with steatosis and 12% of those without, P`0.01).
Discussion
The ®ndings concerning the prevalence of steatosis are in agreement with previous data, 22, 35 but in this connection the criteria for detecting steatosis as well as the transducer used for examination, or other factors such as the degree and the duration of obesity could lead to different results. In fact, we have not considered as steatosis the pattern of slight increase of the liver echogenicity and echo discrepancy between liver and kidney that other authors have classi®ed as mild steatosis, 3 because this ®gure may be equivocal in obesity. The present data show a direct although weak correlation between the degree of obesity and that of steatosis, according with several observations, 8, 21, 23, 24, 36, 37 but opposite results are reported, 6, 38 possibly related to the minor severity of weight excess of the subjects. On the other hand, as far as the Liver steatosis in juvenile obesity G Guzzaloni et al duration of obesity is concerned, which we have not considered for the lack of reliable data, there are many concerns in the literature: in fact it has been suggested that both a long, 19, 20, 23, 24, 36, 38 and a shorter duration 22 could be independent cofactors for determining steatosis, and also that no correlation exists with the duration as such, at least in adults. 8, 37 The distribution of adipose tissue, evaluated by WHR, would in¯uence the degree of steatosis only at the end of the pubertal development, a fact that is consistent with the poor reliability of this index in childhood and puberty. 39 It has been documented that a common feature of obese subjects with steatosis is the increased synthesis of VLDL and TGL, 1,2,37,40 nevertheless only few data on this topic are available at pediatric ages, showing rather high CHOL and TGL concentration; 24 the present data are in agreement with recent data in adults, 8 even though other authors did not observe a relationship between liver steatosis and trygliceridemia. 41 Increased serum levels of transaminases have proved to be correlated with steatosis, both before and after puberty, but ALT only tended to be higher during the whole period of pubertal development when steatosis occurred, as previously reported. 23 However, we con®rm that the prevalence of steatosis may be underestimated when an increase of ALT beyond the upper limit of normal is considered as a diagnostic criterion, as slight steatosis often does not involve enzymatic modi®cations; 38 on the other hand, the serum levels of transaminase correlate positively with the degree of steatosis, according to some observations, 42 but in disagreement with others. 14, 19, 20 From the present study, gGT appears to be useless for evaluating fatty liver in juvenile obesity, while it may be considered a marker of steatosis and hepatic insulin resistance in adults. 43 In the past it was pointed out that obese subjects with steatosis have higher glycemic and insulinemic responses to OGTT than controls, 29 and that the hyperinsulinemiaainsulin resistance state plays a pathogenetic role in the development of fatty liver. 13, 27, 28 These data could suggest that insulin resistance is the result of a vicious loop started by the intrahepatic accumulation of TGL, which in turn involves a decreased hepatic insulin clearance, 9, 25 and that the reduced insulin sensitivity might therefore be the link between obesity, steatosis and abnormalities of lipid pro®le. In this connection it has been suggested that the best index of insulin secretion during the OGTT is IRG, 44, 45 which, in our sample, increases during puberty, paralleling MSI. This suggests a compensatory effect secondary to the augmented insulin resistance occurring during the pubertal development, as previously reported. 34, 46 However, we found no differences between subjects with and without steatosis, a fact that leads us to assume that in obese adolescents, steatosis is not associated with a pancreatic insulin hypersecretion, as suggested in some experimental models. 28 In conclusion, ultrasound scanning shows a greater percentage of liver damage than that recognized by the increase of serum levels of biochemical parameters, among which ALT is the most altered one; steatosis is associated with a tendency to an increase of TGL and a decrease of HDL in late puberty, whereas alterations of insulin secretion do not seem to be involved in this condition during the pubertal development.
